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As technology continues to mature, the frequency of financial data observed became 
finer and even real-time tracking of transaction data on the accuracy of milliseconds 
and microseconds. These data can help to understand the investor’s behavior and the 
details of the transaction process, but also challenges the classic analysis tools. For 
instance, how to deal with the complex large-scale data sets, jump and irregularly 
spaced observations with intraday patterns and complex dependence structure. 
In the physical and biological sciences, when the analysis scale is reduced to the 
level of molecules or atoms, something ignored becomes important. So as financial 
markets: market microstructure can be ignored in the low-frequency case, but it is 
important to the high-frequency data. The reason is that different frequency scales 
with its unique characteristics is not self-similarity. Such as low-frequency data can be 
modeled by Geometry Brownian motion, but high-frequency data does not work. 
Note that the frequency from days to minutes is totally different from months to days. 
In general, financial high-frequency data analysis mainly concerned: the 
summarization of empirical facts, the market micro-structure analysis, and 
econometric modeling. According to the views of Herwartz (2006), there are at least 
three categories of econometric model: (1) price discrete changes (without regard to 
the time), (2) the fixed time interval (interval as exogenous variables), (3) random 
interval (interval is a function of the transaction). However, taking into account the 
non-synchronous trading and microstructural dynamic, many recent models use 
random intervals. 
Firstly, based on literature review, we discriminate some related concepts and 
study the characteristic of their own. The overall framework also is presented. 
Secondly, there is data preparation and necessary note of the title. Thirdly, Passages 















we give conclusions of the full text. 
The Methodology is made of four chapters: Chapters IV and V is the typical 
exploratory data analysis; Chapter VI discusses the volatility and proposes a 
model-free estimator. Chapter VII gives a dissent from mixed kernel function for 
support vector machine, based on a case of inference of transactions direction and the 
theoretical background of support vector machine (Statistical Learning Theory). The 
theoretical exploration includes two chapters: Chapter VIII is the market 
microstructure analysis, which studies the practice, operating environment as well as 
the theory and method; Chapter IX considers the random interval, especially the 
boundary of information and noise.  
Based on the literature review of chapter I, We point out in chapter II that the 
financial high-frequency data can not merely be understood as a time series of high 
quality to verify the classical theory and model established under the previous rough 
information. Because, at least, it ignore the distribution characteristics of days and 
intradays when the financial high-frequency data being simply treated as a time series. 
So we propose the sequential panel data transformation and get a dual perspective: 
"i(t)" is essentially the refinement of sampling, with days being analytical unit but 
more detailed; "t(i)" is equivalent to repeated observations of the trading day, with 
days being analytical object and short-term behavior (microstructure) being 
concerned. 
In chapter II, we also distinguish "(trading) high-frequency data" from 
"high-frequency trading data", of which the latter is the record of high-frequency 
trading, while the former is largely the record of general real-time trading. The two 
have in common is a focus on the short-term. Moreover, the verification of efficient 
market hypothesis using high-frequency data can provide evidence of the existence of 
profit opportunities for high-frequency trading. Then we investigate the empirical and 
theoretical characteristics of financial high-frequency data. (1) the empirical 















volatility is not a U-shape; high frequency rates of return show a fat tail, but has been 
approximate normal distribution with the realized volatility adjustment; basic 
characteristics of price changes is discrete, jump, inert (rectangular horizontal 
direction), possible changes in synchronous trading(rectangular vertical direction) ... 
Obviously, these factors have increased difficulties of modeling the intraday price 
volatility. (2) the theoretical characteristics: volatility is more important than mean or 
mean correction in the high-frequency data; how the market micro-structure noise 
causes negative first-order correlation，overestimated variance and optimal interval; 
Jump should be considered in continuous-time model. 
Chapter III explains what is the statistical perspective, the statistical connotation 
of data mining and the difference between data mining and statistics. We also explore 
the logic of large-scale data processing from the perspective of cloud computing. 
Chapter IV examines the relationship between the continuous and discrete signal 
from a unified framework. Without microstructure noise, we explore the theoretical 
basis of discrete of the continuous signal based on digital signal processing, and 
demonstrate the nature of sampling. Continue the discrete data is an important step in 
functional data analysis (with microstructure noise). We study the relationship 
between the functional data, panel data and symbolic data. Also, the basic principle of 
FDA has been explored, especially for the nature of the base expansion. The base 
expansion (orthogonal basis of non-orthogonal basis) is essentially equivalent to 
obtain coordinates of sub-space consisting of the base (decompose fluctuations into 
sub-fluctuations in the base direction), as transform into another domain. At last, we 
illustrate with an example of FDA to help characterize the detailed behavior of 
financial markets. 
Chapter V studies theoretical background and basic logic of Hilbert-Huang 
Transform，compared with Fourier transform and wavelet transform. IMF is not 
strictly orthogonal but Statistics orthogonal. We also examine the impact of the 















financial high-frequency data as an example, we discuss the decomposition and 
reconstruction of the series. The non-linear non-stationary series can be decomposed 
into trend, cycle and stochastic components. The difference from additive factors 
decomposition is that here the cycle component is not a constant and the series can be 
non-linear or non-stationary. 
Chapter VI proposes a model-free estimator of volatility, co-volatility. Before 
that we give a review of the measurement of (conditional) volatility. Traditional 
measurements are either separateness or on its own historical conditions. However, 
co-volatility emphasizes the space is not vacuum, but disturbed by other kinds of 
volatility. Based on correlation analysis and the frequency of the random variable, 
co-volatility is symmetric, not limited by the sampling frequency, and also benefit to 
explore fluctuations from the perspective of the probability distribution function. 
Similar with realized volatility, co-volatility will increase with frequency, which may 
be mainly affected by the microstructure noise. 
Chapter VII queries if the mixed kernel function is appropriate in view of 
statistical learning theory (the logical background of support vector machine) and 
empirical results (inference of financial high-frequency data transactions direction). (1) 
The empirical analysis shows that, despite of the different kernel functions with their 
own properties, there has no significant effect on the results. Why？We found that 
this is mainly because of a high proportion of common support vector, making the 
results to a large degree of consistency. Under the circumstance, mixed kernel 
function is not worth the candle in the analysis. (2) According to the philosophy of 
SVM (Statistical Learning Theory), mixed kernel function is not encouraged. Because 
we should control the complexity of the model if the generalization ability is 
concerned, especially with the small sample. (3) In fact, to say the least, the quality of 
model does not depend on the complexity. Because the model is not the copy of 
reality, but rather to abstract and simplify it. Therefore, we should learn to tradeoff 















Chapter VIII is the market microstructure theory. Unlike traditional theories 
focus on the long-run equilibrium (ignore the friction in the adjustment process), the 
market microstructure theory considers (1) the microstructure in the effective 
equilibrium price discovery mechanism or the dynamic process to the new 
equilibrium; (2) how the information leaked out impacts strategies of traders; (3) how 
the microstructure impacts the market efficiency and quality. In this chapter, we also 
compare several methodologies centered on micro-process (Austrian School, the 
Chicago School, behavioral economics, etc.). From a comprehensive perspective, we 
explain the negative first-order correlation and the calendar effect especially extend 
the calendar effect to the general scenario of intermittent. Because this explanation 
treats the traders as a whole, we construct a game model to find the microstructure. 
Chapter IX verifies that random trading intervals have strong cluster and 
exponential probability distribution which means that the number of transactions in 
unit of time have Poisson distribution. All that coincides with the classic assumptions 
of the ACD models and continuous time model. We also derive the returns of random 
trading intervals. In fact, the random trading interval contains important information 
about the transaction, but not every word has its count (influenced by micro-structure 
noise). So the information extraction should be taken into account. Note that the noise 
in the distribution of the random intervals is not important (explained variable have 
the same distribution as the noise), but disturbance in the relationship between 
variables. After eliminated noise, we found that (1) the rate of return is not sensitive to 
changes in the random interval; (2) there may be non-linear relationship between price 
and random intervals; (3) there may be negative relationship between trading volume 
and random intervals. 
Keywords: financial high-frequency data; data mining; functional data analysis; 
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